, but have questioned the existence of a fluorescent high potential flavoprotein, since they were able to remove all fluorescent flavoproteins from rat liver submitochondrial particles. They also point out that the species whose redox change they measure by differential absorbance with the dual wave length spectrophotometer at 476 to 510 nm may be nonheme iron protein rather than flavoprotein. Ragan and Garland (26) used firm binding to the mitochondrial membrane as a criterion for membership in the respiratory chain. On their basis, the highly fluorescent flavoprotein, FPL, would be excluded. The members of the flavoprotein chain (8) 
with NAD-linked dehydrogenases, designated FPD1 and FPD2 The site of rotenone inhibition and of energy conservation site (1) associated with NADH oxidation in mammalian mitochondria apparently lies between FPD1 and FPD2. Hassinen and Chance (20) were able to show that the low potential flavoprotein of dihydrolipoate dehydrogenase in rat liver mitochondria was closely associated with FPD1, but could be separated from it by careful solubilization. This flavoprotein, which is by far the most fluorescent of the group, is designated FPL . The overall oxidation rate of the flavoprotein component in rat liver mitochondria measured by the half-time of absorbance change is faster than that measured by fluorescence change (8, 10) , but in pigeon heart mitochondria, there appear to be a fluorescent and absorbant component oxidized at nearly the same rate (5, 11) . Erecinska (15) has resolevd this fluorescence change into a fast, rotenone-insensitive component and a slow, rotenone-sensitive component. This would be expected if most of the absorbance change were associated with Fps and FPD2, and most of the fluorescence with FPD1 and FPL .
More recently, Ragan and Garland (26) have confirmed the existence of the highly fluorescent flavoprotein of low potential found by Hassinen and Chance (20) , but have questioned the existence of a fluorescent high potential flavoprotein, since they were able to remove all fluorescent flavoproteins from rat liver submitochondrial particles. They also point out that the species whose redox change they measure by differential absorbance with the dual wave length spectrophotometer at 476 to 510 nm may be nonheme iron protein rather than flavoprotein. Ragan and Garland (26) used firm binding to the mitochondrial membrane as a criterion for membership in the respiratory chain. On their basis, the highly fluorescent flavoprotein, FPL, would be excluded. The members of the flavoprotein chain (8) which meet the Ragan and Garland (26) criterion are FPD1, FPD2, and Fps, taking FPD2 to be a flavoprotein rather than a nonheme iron protein. The flavoproteins Fpa and FPETF form a separate flavoprotein chain which feeds reducing equivalents into the respiratory chain at the level of cytochrome b (16) .
In mammalian and yeast mitochondria, it appears feasible to differentiate six different flavoproteins, and probably a seventh, FPD2 . No differentiation of the flavoproteins of plant mitochondria has yet been reported, although the existence of a complex flavoprotein component in these mitochondria has long been recognized. Chance and Bonner (6) Figure 1A and for the absorbing flavoproteins in Figure 1B length pairs 436 to 460 nm is shown for comparison in Figure 1C . The flavoprotein of high fluorescence is highly reduced in state 4 with succinate, conditions under which both ubiquinone and endogenous pyridine nucleotide are also highly reduced (33) . Upon the transition to anaerobiosis, there is a further small reduction of the fluorescent flavoproteins and then no further change. Addition of malate produces (after an oxidation due to entrained oxygen) a slower rate of reduction, but no increase in extent of reduction (Fig. IA) . The absorbing flavoproteins appear to have yet another component which is reduced slowly after anaerobiosis. This amounts to 8% of the total; the absorbance change may actually be due to one of the cytochromes b, since a similar slow absorbance change is observed at 436 to 460 nm, and both changes are eliminated by addition of malate (Fig. 1, B and C). The excitation spectra for fluorescence changes observed when mung bean mitochondria become anaerobic in the coupled state are shown in Figure 2A . The oxidized state in the absence of substrate provides the base line; upon anaerobiosis caused by succinate oxidation, there is a decrease in the fluorescence at 540 nm excited between 400 and 500 nm and an increase in the fluorescence excited between 300 and 400 nm. The corrected reducedminus-oxidized difference excitation spectrum is plotted below the experimental traces; there is a maximum at 355 nm corresponding to pyridine nucleotide and a minimum at 462 nm corresponding to flavoprotein. The fluorescence emission from pyridine nucleotide at 540 nm is still intense enough to match that from flavoprotein at this wave length. The shift in the maximum from 340 to 355 nm is probably an artifact caused by high absorbance below 350 nm. The fluorescence emission spectrum from flavoprotein excited at 436 nm is shown in Figure 2B . The corrected, reduced-minus-oxidized difference emission spectrum is plotted below the experimental traces; the emission minimum is at 520 nm as is also found with mitochondria from animal sources (12) .
The fluorescence change accompanying the oxidation of re- duced flavoprotein in depleted, anaerobic mung bean mitochondria during an oxygen pulse is shown in Figure 3A ; the corresponding absorbance change is shown in Figure 3B . The halftime for oxidation is 1.3 sec, in each case. This experiment was carried out with a suspension containing malonate and succinate each at 2.9 mm. Under these conditions, the input of reducing equivalents into the respiratory chain is not negligible compared to the oxidation rate, although this input is much less than that observed in the absence of malonate. The half-time thus corresponds to a net oxidation rate which is slower than the maximum rate with 0.3 sec half-time observed with malonate-succinate ratios of 8 or more (28) . This maximal rate is close to that of 0.2 sec observed by Erecinska (15) for the rotenone-insensitive fluorescent flavoprotein of animal mitochondria. The net flavoprotein oxidation rate measured either by fluorescence or by absorbance change is the same in mung bean mitochondria, in accord with the results reported for skunk cabbage mitochondria (31) . No apparent oxidation occurred during the flow in this experiment, implying that interference in the absorbance or fluorescence change by cytochromes a, a3, and b557 is minimal (29) . Little change in pyridine nucleotide fluorescence occurs during the oxidation (Fig. 3A) , which is the result expected for depleted mitochondria: little or no pyridine nucleotide is reduced by succinate in anaerobiosis under these conditions. The fluorescent flavoprotein reduced under these same conditions is assigned to the group of "high potential" flavoproteins and is designated Fphf . This nomenclature is adopted as the least clumsy method of referring to those flavoproteins reducible by succinate directly, rather than through energy-linked reverse electron transport; it is not meant to imply that the midpoint potential of these flavoproteins has been determined. The term "low potential" flavoproteins is used in an analogous manner to refer to those flavoproteins which require an energy-linked process to be reduced by succinate, or which are reduced by NAD-linked substrates.
The existence of a highly fluorescent, low potential flavoprotein, designated Dplf, in mung bean mitochondria is inferred from the records presented in Figure 4 . Figure 4B show a partial reduction of flavoprotein in the aerobic steady state followed by a large absorbance decrease corresponding to reduction on anaerobiosis. The absorbance decrease occurring after the lag period is small; this decrease corresponds to the large fluorescence observed in Figure 4A . The record in Figure 4C presents the absorbance changes observed at 436 to 460 nm in a parallel experiment. ing species on anaerobiosis is characteristic of full depletion. The fluorescent component ( Figure 5A ), remains nearly all oxidized in the aerobic steady state, while there is some reduction of the absorbing component (Fig. SB) Figure 4A ; reduction is only 60%, complete under these conditions. The absorbance change (Fig. SB) (27) . These complications appear in full measure with both T[FA and amytal in mung bean mitochondria, as evidenced by the records presented in Figure 6 .
Addition of TTFA to a suspension of aerobic mung bean mitochondria gives a fluorescence decrease (Fig. 6A) but gives an absorbance increase at 468 nm relative to 493 nm (Fig. 6B) Figure 6 is reversed. Under the experimental conditions of Figure 6 , reduction of Fpif by exogenous NADH, is apparently inhibited. FPh, is rapidly reduced, while its fluorescent counterpart, Fphf is reduced rather slowly. This provides another means for distinguishing between the two components. Unfortunately, the inhibitors used for the experiment in Figure 6 do not detect the flavoprotein of succinic dehydrogenase or a flavoprotein corresponding to FPD1 . This is still another difference between the respiratory chain of plant mitochondria and those from animal sources. Despite an intensive search, no other inhibitors besides amytal and TTFA could be found to differentiate the dehydrogenase flavoproteins.
The flavoproteins of the respiratory chain of mung bean mitochondria, which appear to be distinguishable by means of experiments like those of Figures 4, 5, and 6, are listed in Table I . The amounts of the different components are also listed, and these amounts are quite comparable to those found in the respiratory chain of animal mitochondria (16) . The flavoproteins listed in Table I are those reducible by substrates. The total fluorescence change from oxidized to reduced with dithionite is about three times the maximum observed with substrate, while the total absorbance change is only some 20% greater. There is evidently a pool of highly fluorescent flavin-containing components in or associated with these mitochondria preparations which does not interact with the respiratory chain.
Because of the activity of the alternate oxidase, the flavoprotein components of most plant mitochondria remain partially oxidized in the aerobic steady state in the presence of antimycin A or cyanide (1) . There is a difference in the extent of reduction of the high potential flavoproteins FPha and Fphf which depends on the inhibitor. This is shown for cyanide in Figure 7 and antimycin A in Figure 8 . Addition of cyanide to depleted mitochondria in the absence of substrate produces a fluorescence decrease (Fig. 7A) which occurs in synchrony with an absorbance increase at 436 nm (Fig. 7C ) due to dytochrome a reduction (29) . This fluorescence decrease is taken to be an artifact of the type also observed by Ragan and Garland (26) (Fig. 6A) . The former effect is the one which Ragan and Garland (26) observed with rat liver mitochondria in the presence of cyanide, and which was also observed in this study with cyanide (Fig. 7, A and C (13, 14) and Hutton and Stumpf (21) 
